Our objective was to assess the capability of computerized dynamic posturography (CDP) to evaluate dizziness in blind patients who lack corneoretinal potential. We performed a retrospective analysis of 2 young blind subjects with intraorbital scarring who complained of dizziness and underwent CDP. Tests were carried out at our center for balance disorders using the NeuroCom's EquiTest System version 4.0. CDP demonstrated vestibular dysfunction and revealed it to be severe. We conclude that CDP can serve as a potentially reliable tool for assessing dizziness in blind patients who have no corneoretinal potential.
Introduction
Electronystagmography (ENG) is the most frequently used methodology for objectively evaluating patients who present with complaints of vertigo. Nystagmus, a typical finding among patients with vestibular dysfunction, is suppressed in most patients due to the visual fixation mechanism. Therefore, according to several reports, nystagmus will not be detected on physical examination in as many as or even more than 90% of the cases. 1, 2 The confounding element of fixation is overcome when the ENG is performed in darkness.
ENG is based on measuring the difference in electrical potentials between the cornea and the retina, the corneoretinal potential (CRP) that, together with its vectorial element, is recorded during eye movement. This measurement enables us to translate the movement of the eyes, such as in nystagmus, into a graphic chart. The composition of nystagmus is that of repeated alternating slow and rapid phases, so that it yields a chainsaw-like pattern on a typical recording. Based on the difference in electric potentials, it can be recorded either in a totally dark environment or when the eyes are closed shut, thereby eliminating fixation.
The basic requirement for conducting ENG is a normal eyeball that has a normal CRP and is capable of movement. The capability of motion is also mandatory for the newer videonystagmography (VNG), as is the ability to keep the eye open. However, unlike ENG, normal CRP is not relevant in conducting VNG. The computerized rotatory chair (CRC) and computerized dynamic posturography (CDP) are other methods for objective evaluation of dizziness. CRC evaluates the vestibulo-ocular reflex (VOR) and the visual vestibulo-ocular reflex and, therefore, a normal CRP is a prerequisite.
Blind patients in whom the eyeball is injured and scarred require an alternate method to evaluate their dizziness objectively. CDP is the only standardized clinical means for assessing vestibulospinal function and its impact on posture. 3 It provides a quantitative assessment of the processes involved in maintaining upright stance under static and dynamic conditions. It does so by challenging visual and support surface environments similar to those encountered in daily life. This test correlates with the caloric test in some vestibular conditions. CDP is the only available objective technique that measures the proprioceptive and ocular inputs concurrently with the vestibular input. It does not depend on eye movement and can thus, theoretically, be used in evaluating dizziness in patients with scarred or missing eyeballs who lack CRP.
Patients and methods
The study was approved by the Institutional Review Board. A retrospective analysis of patients who lost their sight as the result of severe injuries from an explosion between the years 1995 and 2005, and were further evaluated in our institution, was carried out. Included were patients whose eyeballs were either enucleated or scarred and had no range of motion. Pa-Volume 96, Number 8 www.entjournal.com E11 coMPuterized dynaMic PosturoGraPHy for eValuatinG dizziness in Patients witH scarred orBital content tients with a history of ear disease or neurologic deficit, or skeletal injury or deformation, were excluded.
Each study group member had complained of dizziness that started soon after the injury. The reliability of the test was categorized according to the criteria suggested by Goebel et al. 4 In this study, we used the NeuroCom EquiTest (Neu-roCom International, Inc.; Clackamas, Ore.) Sensory Organization Test (SOT). The SOT consists of six conditions that are each completed within 3 20-second trials. Sway-referencing involves an anterior/posterior rotation of the platform and/or visual surround that occurs as a response to the person's shifts in center of pressure. This process serves to render information obtained from the ankle joints (sway-referenced support) or vision (sway-referenced vision) unreliable for balance control.
The center of pressure movements occurring throughout the test are used to generate four scores associated with postural control: composite balance, somatosensory ratio, visual ratio, and vestibular ratio.
• The composite balance score is calculated by independently averaging the scores for conditions 1 and 2 and averaging all trials from conditions 3 through 6.
• The somatosensory ratio is calculated by dividing the average condition 2 performance by the average condition 1 performance.
• The visual ratio is calculated by dividing the average condition 4 performance by the average condition 1 performance.
• The vestibular ratio is calculated by dividing the average of condition 5 by the average of condition 1.
Higher composite balance and ratio scores are thought to represent better balance. The testing paradigm was adjusted slightly in our patients, and they were instructed to "look at the horizon" at all times. This adjustment does not alter the test results.
Results
The study group included 2 young, apparently otherwise healthy, men 18 and 24 years old. The eyeballs of these men were either enucleated or scarred and had no range of motion. In addition to visual dysfunction they also suffered from dizziness. These subjects underwent a CDP study at least 1 year after injury demonstrating severe impairment. Patient 1. An 18-year-old man was injured approximately 3 years before his presentation when, while riding a bicycle, he accidentally entered a minefield and detonated a mine, the explosion of which caused multiple shrapnel injuries. Some of the shrapnel penetrated his eyes and, as a result, his left eye was enucleated.
Ophthalmologic examination of the right eye revealed a 15-mm vertical cut in the sclera, a partial retinal detachment, and laceration of the eye muscles, mainly the inferior rectus. Bone fragments also originated from the orbit and maxilla.
The patient had undergone extensive surgery to repair the eye, facial bones, orbit, and maxillary sinus but had been diagnosed as being completely blind at the 1-year follow-up. A prosthesis was affixed to his left orbit. His right eye was in a state of phthisis with extensively scarred tissue, shrinking the eye to the maximal extension. The eyelids were also scarred, and he was unable to detect light.
A few days after the injury, the patient had complained of dizziness and vertigo. These sensations persisted until the time of his presentation at our center, and he continued to suffer from them. Audiometric examination revealed the presence of severe bilateral acoustic trauma.
CDP testing determined that this patient had severe vestibular dysfunction. Based on the evidence provided by CDP, and given that vestibular rehabilitation that requires normal sight was inadequate, the patient was put on a regimen of oral betahistine 8 mg bid, and he reported a subjective improvement of dizziness. Patient 2. While examining a break in the security fence on the northern border of Israel, a 24-year-old army scout received facial injuries when a booby trap containing explosives and small iron balls was detonated. His face was severely lacerated and he suffered damage to his jaws, maxillary sinuses, and eyes. Both eyes needed to be enucleated. Within days after the injury, he began complaining of severe positional vertigo, tinnitus, and hearing loss in his left ear. There was a large perforation of his left eardrum, and audiometry demonstrated a severe unilateral mixed hearing loss. The eardrum recovered spontaneously within a few weeks, but although it had slightly improved with time, his hearing remained moderately to severely impaired, especially in the high frequencies.
The patient's dizziness had gradually decreased in intensity, and by the time the CDP test took place approximately 18 months after the injury, he described it as being mild to moderate in degree. The CDP test demonstrated severe vestibular dysfunction with mild visual dysfunction (figure). The patient was offered rehabilitation and medical treatment but he refused.
Discussion
Vestibular disturbance caused by blast injury is a well-known phenomenon. 5 The evaluation of vestib-ular damage is based on tests that enable the demonstration of eye motion, as in the objective evaluation of VOR or nystagmus. When eye movement is compromised, such as when the eyes are scarred or completely enucleated, tests such as ENG, VNG, and CRC cannot be conducted. The only standard test that does not depend entirely upon eye movement is CDP.
Normal performance on CDP requires accurate visual, vestibular, and somatosensory inputs and an intact musculoskeletal system. In a vestibular dysfunction pattern, the patient is unable to maintain postural control in conditions 5 and 6 of the SOT (both the visual and somatosensory cues are absent) and the patient must rely only on vestibular information to maintain balance (referred to as a "5, 6" pattern).
In a "surface dependence" pattern, the patient is unable to maintain balance when somatosensory information is distorted (conditions 4, 5, and 6). As our patients did not rely on visual input, had vestibular dysfunction, and depended on somatosensory information, a 4, 5, and 6 pattern was observed. Conditions 2 and 3 were intact as our patients were categorized neither as "visual preference" nor "visual dependence."
In addition to their obvious visual dysfunction, we found vestibular dysfunction in our patients. The testing took place at least 1 year after the trauma had occurred, suggesting that the development of compensation is slower and weaker than might be expected if one takes into account the young age of these patients.
According to Herdman et al, recovery of balance and equilibrium after physical injury usually takes place up to about 1 year after the event. 6 That such recovery seemed to be taking longer in our study patients is understandable since visual input, which was absent, is considered to be one of the major components in the compensation mechanism.
Only rarely will patients who complain of dizziness be unable to undergo ENG, VNG, or CRC as a result of limited eye motion. Still, individuals who become blind as the result of eye injury may also suffer from a balance disorder caused by the same injury that deprived them of their sight. Visual input is a major component of the balance system; therefore, its disturbance or distortion can be a cause of dizziness. If visual limitations prevent a vestibular component from being recognized, affected individuals may not be afforded proper treatment. For them, the standard methods for evaluating vestibular injury (i.e., ENG, VNG) are obviously inappropriate, and an alternate method needs to be considered. In this study, we suggest that CDP can provide evidence of possible vestibular dysfunction and may therefore be an especially useful tool in evaluating these individuals.
The limitations of our study are its small sample size, as the inclusion criteria are strict and the pathology is rare, and that vestibular evoked myogenic potential (VEMP) was not used in our patients. As for the latter, we have decided not to use VEMP because of its limited availability and its insufficient contribution to the understanding of the pathophysiology in our patients.
Conclusion
ENG, VNG, and CRC cannot be used to evaluate dizziness in blind people who have limited or absent eye motion resulting from enucleated or scarred eyeballs. We therefore suggest that the only currently available standardized method that may provide some indication of possible vestibular dysfunction in them is CDP, and that CDP should be used to evaluate complaints of dizziness in all cases when the patient is blind and has limited eye motion.
